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3XUSRVH%DODQFHWUDLQLQJVWXGLHVLQFKLOGUHQUHSRUWHGFRQIOLFWLQJUHVXOWVZLWKRXWHYLGHQFHIRU
LPSURYHPHQWV LQ FKLOGUHQ XQGHU WKH DJH RI HLJKW 7KH DLP RI WKLV VWXG\ WKHUHIRUH ZDV WR
FRPSDUHEDODQFH WUDLQLQJDGDSWDWLRQV LQ FKLOGUHQRIGLIIHUHQW DJH JURXSV WR FODULI\ZKHWKHU
\RXQJDJHSUHYHQWVSRVLWLYHWUDLQLQJRXWFRPHV0HWKRG7KHHIIHFWVRIILYHZHHNVRIFKLOG
RULHQWHGEDODQFH WUDLQLQJZHUH WHVWHG LQ JLUOV ER\VSDUWLFLSDQWVRIGLIIHUHQW DJH
JURXSV   DQG  \HDUV DQG FRPSDUHG WR DJHPDWFKHG FRQWUROV 6WDWLF DQG
G\QDPLFSRVWXUDOFRQWUROH[SORVLYHVWUHQJWKDQGMXPSKHLJKWZHUHDVVHVVHG5HVXOWV$FURVV
DJHJURXSVG\QDPLFSRVWXUDOVZD\GHFUHDVHGp ȘS DQGH[SORVLYHIRUFH
LQFUHDVHGp ȘS LQWKHLQWHUYHQWLRQJURXSV$JHVSHFLILFLPSURYHPHQWV
ZHUHREVHUYHGLQG\QDPLFSRVWXUDOVZD\ZLWKJUHDWHVWHIIHFWVLQWKH\RXQJHVWJURXS
p r &RQFOXVLRQ,QFRQWUDVWWRSUHYLRXVUHVHDUFKXVLQJDGXOWRULHQWHGEDODQFH
H[HUFLVHVWKLVVWXG\GHPRQVWUDWHGIRUWKHILUVWWLPHWKDWSRVWXUDOFRQWUROFDQEHWUDLQHGIURPDV
HDUO\DVWKHDJHRIVL[\HDUVLQFKLOGUHQZKHQXVLQJFKLOGRULHQWHGEDODQFHWUDLQLQJ7KHUHIRUH
WKH FRQFHSWLRQ RI WKH WUDLQLQJ VHHPV WR EH HVVHQWLDO LQ LPSURYLQJ EDODQFH VNLOOV LQ \RXQJ
FKLOGUHQ
.H\ZRUGVEDODQFHWUDLQLQJSRVWXUDOFRQWUROFKLOGUHQDGROHVFHQWVFKLOGRULHQWHG
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%DODQFHWUDLQLQJ%7FDQLPSURYHSRVWXUDOFRQWURO7KLVKDVUHFHQWO\EHHQFRQILUPHG
LQV\VWHPDWLFUHYLHZVIRUROGHUDGXOWVDQGKHDOWK\\RXQJDGXOWV,QDGGLWLRQWKHUHDUH
VHYHUDO VWXGLHV GHPRQVWUDWLQJ WKDW %7 LQWHUYHQWLRQV OHDG WR LPSURYHG SRVWXUDO FRQWURO LQ
FKLOGUHQDGROHVFHQWV ROGHU WKDQ  \HDUV     +RZHYHU HYLGHQFH WKDW SRVWXUDO
FRQWUROFDQEHLPSURYHGE\PHDQVRI%7LQ\RXQJHUFKLOGUHQLVPXFKZHDNHU
,WLVZHOOHVWDEOLVKHGWKDWWKHSRVWXUDOFRQWUROV\VWHPLVGHYHORSLQJGXULQJFKLOGKRRG
DQGDGROHVFHQFHZLWKDVWURQJUHRUJDQL]DWLRQDWWKHDJHRIDERXWVL[\HDUV<RXQJFKLOGUHQ
UHO\SUHGRPLQDQWO\RQWKHYLVXDOYHVWLEXODUV\VWHPWRPDLQWDLQEDODQFHZKLOHWKH\VWDUW
WR FKDQJH WRZDUGV DPRUH VRPDWRVHQVRU\YHVWLEXODU FRQWURO DW DURXQG WKH DJH RI VL[ 
+RZHYHUWKLVWUDQVLWLRQWRDQDGXOWOLNHEDODQFHFRQWUROLVQRW\HWFRPSOHWHGDWWKHDJHRI
  ,Q DGGLWLRQ KLHUDUFKLFDO ORZHU OHYHO V\VWHPV RI SRVWXUDO FRQWURO LH UHIOH[HV DUH
DOUHDG\SUHVHQWDWELUWKZKHUHDVVXSUDVSLQDOV\VWHPVPDWXUHODWHUDQGGRQRWVKRZDGXOWOLNH
EHKDYLRUXQWLODERXW\HDUVROG,WPD\WKHUHIRUHEHVSHFXODWHGWKDW\RXQJFKLOGUHQUHO\
RQ D SUHPDWXUH SRVWXUDO FRQWURO V\VWHP DQG WKHUHIRUH UHVSRQG GLIIHUHQWO\ WR%7 WKDQ ROGHU
FKLOGUHQRUDGROHVFHQWV$V WKHUH LV LQFUHDVLQJO\PRUHHYLGHQFH WKDW VXSUDVSLQDOFHQWHUVDUH
ODUJHO\ UHVSRQVLEOH IRU %7LQGXFHG LPSURYHPHQWV  WKH LPPDWXULW\ RI WKH VXSUDVSLQDO
V\VWHPPD\SUHYHQWDQLPSURYHPHQWLQSRVWXUDOFRQWUROLQ\RXQJFKLOGUHQ,WPLJKWWKHUHIRUH
EHDVVXPHGWKDWWKHDJHRUWKHGHYHORSPHQWDOVWDJHSOD\VDQLPSRUWDQWUROHIRUWKHDFTXLVLWLRQ
DQGWKHWUDQVIHURIEDODQFHVNLOOVLQFKLOGKRRGDQGDGROHVFHQFH
7RRXUNQRZOHGJHRQO\ WKUHH VWXGLHVKDYH LQYHVWLJDWHG WKH LPSDFWRI%7RQVWDQFH
VWDELOLW\LQFKLOGUHQ\RXQJHUWKDQ\HDUV:KHQFRQVLGHULQJWKH\RXQJHVWSDUWLFLSDQWVDJHG
VL[ WR VHYHQ \HDUV VHYHUDOZHHNV RI%7XVLQJ XQVWDEOH VXSSRUW VXUIDFHVZLWK D SUHGHILQHG
QXPEHURIVHWVDQGGXUDWLRQVLHFODVVLFDO%7GLGQRWSURYRNHDQ\LPSURYHPHQWVLQSRVWXUDO
VWDELOLW\  DOWKRXJK WKLVNLQGRI WUDLQLQJ LVNQRZQWREHEHQHILFLDO LQHOLWHDWKOHWHV 
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\RXQJDGXOWVDQGROGHUDGXOWV:KHQDSSO\LQJVODFNOLQHWUDLQLQJLQROGHUFKLOGUHQ
DJH  \HDUV 'RQDWK DQG FROOHDJXHV  GLG LQGHHG REVHUYH WDVNVSHFLILF
LPSURYHPHQWVRQWKHVODFNOLQH+RZHYHUQRLPSURYHPHQWVLQWUDQVIHULHXQWUDLQHGEDODQFH
WHVWV KDYH EHHQ GHWHFWHG ,PSURYHG SRVWXUDO FRQWURO LQ WUDQVIHU EDODQFH WHVWV KDV EHHQ
GHPRQVWUDWHGDIWHULQOLQHVNDWLQJZLWKFKLOGUHQDWWKHDJHRIDURXQG\HDUV)XUWKHUPRUH
WKHUH DUH VHYHUDO VWXGLHV GHPRQVWUDWLQJ LPSURYHG SRVWXUDO FRQWURO LQ WUDLQHG DQG XQWUDLQHG
SRVWXUDOWDVNVDIWHU%7LQWHUYHQWLRQVLQFKLOGUHQDGROHVFHQWVROGHUWKDQ\HDUV
7KXVLWVHHPVWKDWZLWKDGYDQFLQJDJHWKHEHQHILFLDOHIIHFWRI%7LVLQFUHDVLQJ
Apart from the children’s age, the %7LQWHUYHQWLRQFRQWHQWPD\JUHDWO\LQIOXHQFHWKH
RXWFRPHRQSRVWXUDOFRQWURO,WZDVSUHYLRXVO\DVVXPHGWKDWFODVVLFDO%7DVLQWHUYHQWLRQIRUP
LVUDWKHULQDSSURSULDWHIRU\RXQJFKLOGUHQ7KHDXWKRUVDVVXPHGWKDWFODVVLFDO%7GLGQRW
VXIILFLHQWO\PRWLYDWH\RXQJFKLOGUHQWRSDUWLFLSDWHZLWKDQ\JUHDWHIIRUWDVDFWLYHSDUWLFLSDWLRQ
RI WKH FKLOGUHQZDVREVHUYHGRQO\ZKHQ WKH\ZHUHGLUHFWO\ VXSHUYLVHGE\ WKH WHDFKHU ,W LV
WKHUHIRUHQRWFOHDUZKHWKHUWKHFRQWHQWRIWKH%7RUWKHDJHRIWKHFKLOGUHQZDVUHVSRQVLEOHIRU
WKH GLYHUJHQW UHVXOWV LQ SUHYLRXV%7 VWXGLHVZLWK \RXQJ FKLOGUHQ7R FODULI\ WKLV LVVXH WKH
SUHVHQWVWXG\DSSOLHGFKLOGRULHQWHG%7IRUDGHWDLOHGGHVFULSWLRQVHHPHWKRGVVHFWLRQLQWKUHH
GLIIHUHQW DJH JURXSV –– DQG– \HDUV7KH DSSOLHG FKLOGRULHQWHG%7ZDV LQ
SDUWLFXODUGHYHORSHGZLth the aim to increase children’s motivation during the intervention by 
SURYLGLQJ IDYRUDEOH FKDOOHQJHV IRU HYHU\ SDUWLFLSDQW 7KLV PHDQV WKDW GLIIHUHQW OHYHOV RI
GLIILFXOW\ZHUHSURYLGHG IRU HDFKH[HUFLVH DQG WKDW H[HUFLVHV DQGDFWLYLWLHVZHUH IUHTXHQWO\
PRGLILHGDQGDGDSWHGWRDYRLGPRQRWRQRXVUHSHWLWLRQV)XUWKHUPRUHSDUWLFLSDQWVZHUHDOORZHG
LQVRPHDFWLYLWLHVWRPDNHWKHLURZQFKRLFHVKRZWRPDQDJHDJLYHQWDVN
7KHDLPRIWKHVWXG\ZDVWKHUHIRUHWRWHVWZKHWKHUSRVWXUDOFRQWUROFDQEHLPSURYHGE\
PHDQVRI FKLOGRULHQWHG%7 LQ \RXQJFKLOGUHQDVHDUO\ DV WKHDJHRI VL[DQGFRPSDUH WKHLU
WUDLQLQJLQGXFHGDGDSWDWLRQVZLWKWKRVHRIROGHUFKLOGUHQDQGDGROHVFHQWV,QDGGLWLRQMXPS
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SHUIRUPDQFHDQGH[SORVLYHVWUHQJWKZHUHDQDO\]HGDVLWKDVEHHQVKRZQSUHYLRXVO\WKDW%7FDQ
LPSURYH MXPS KHLJKW DQG H[SORVLYH IRUFH LQ DGXOWV  :H K\SRWKHVL]HG WKDW ROGHU
FKLOGUHQDGROHVFHQWVZRXOGEHQHILWPRUHIURPWKHFKLOGRULHQWHG%7DVWKH\XVHDPRUHPDWXUH
SRVWXUDOFRQWUROVWUDWHJ\
 0(7+2'6
7KHUHDOL]DWLRQRIWKHSUHVHQWVWXG\ZDVDSSURYHGE\WKHORFDOHWKLFVFRPPLWWHH
$OOSDUHQWVDQGFKLOGUHQZHUHWKRURXJKO\LQIRUPHGDQGZULWWHQFRQVHQWZDVREWDLQHG
IURPWKHFKLOGUHQRYHU\HDUVROGDQGIURPWKHSDUHQWV7KHH[SHULPHQWDOSURWRFRO
UHVSHFWHGWKHODWHVWHWKLFDOSULQFLSOHVIRUPHGLFDOUHVHDUFKLQYROYLQJKXPDQVXEMHFWVRIWKH
+HOVLQNL'HFODUDWLRQ
 3DUWLFLSDQWV
6HYHQW\VHYHQFKLOGUHQRIWKUHHGLIIHUHQWDJHJURXSV<\RXQJ–0PLGGOH–
2ROG–\HDUVSDUWLFLSDWHGLQWKHVWXG\VHH7DEOH(DFKDJHJURXSFRQVLVWHGRI
DQLQWHUYHQWLRQJURXS,17UHJXODUVFKRROFODVVHVDQGDFRQWUROJURXS&217KHUHJXODU
VFKRRO FODVV IRU 2,17 FRQVLVWHG RI  SXSLOV ZKR DOO SDUWLFLSDWHG DQG FRPSOHWHG WKH
H[SHULPHQW,QWKH0,17SXSLOVVWDUWHGWKHSURFHGXUHEXWGXHWRDQLQMXU\VXIIHUHGLQWKH
OHLVXUHWLPHRIRQHFKLOGRQO\ILQLVKHGWKHLQWHUYHQWLRQ,QWKH\RXQJHVWVFKRROFODVVRXW
RISXSLOVYROXQWHHUHGWRSDUWLFLSDWHLQWKHVWXG\7KHFKLOGUHQIRUWKH&21JURXSVRULJLQDWHG
IURP GLIIHUHQW VFKRROV LQ WKH VDPH UHJLRQ 1RQH RI WKH SDUWLFLSDQWV RU SDUHQWV UHSRUWHG
QHXURORJLFDORUWKRSHGLFGLVHDVHVRUPRWRUGLIILFXOWLHV,QDIHZFDVHVGXHWRWKHGLIILFXOW\RI
VRPHWHVWVRUHUURUVLQGDWDUHFRUGLQJQRWDOORIWKHSDUWLFLSDQWVZHUHLQFOXGHG
 7UDLQLQJLQWHUYHQWLRQ
7KH%7ZDVKHOGGXULQJSK\VLFDOHGXFDWLRQOHVVRQVDQGODVWHGIRUILYHZHHNVZLWKWZR
VHVVLRQVSHUZHHN PLQXWHVVHVVLRQ(DFK VHVVLRQ VWDUWHGZLWK DZDUPXS PLQXWHV
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FRQWDLQLQJVPDOOJDPHVUHODWHGWRSRVWXUDOFRQWURO)RUWKHPDLQSDUWRIWKHOHVVRQPLQXWHV
DVSHFLDOWRSLFZDVVHOHFWHGIRUHDFKZHHNVHH7DEOH$OOLQWHUYHQWLRQOHVVRQVZHUHJXLGHG
E\DVXSHUYLVRUDQGWKHUHJXODUVFKRROWHDFKHUWRNHHSWKHSXSLO–WHDFKHUUDWLRORZ
,PSRUWDQWO\ WKH FKLOGRULHQWHG %7 GLIIHUHG IURP FODVVLFDO %7 IRU D GHILQLWLRQ RI
FODVVLFDO%7VHHDVSUHYLRXVUHVHDUFKVXJJHVWHGWKDWFODVVLFDO%7PD\QRWEHDGHTXDWHIRU
FKLOGUHQChildren’s participation in physical education ZDVDVVXPHGWREHHQKDQFHGE\
SURPRWLQJ LQWULQVLF PRWLYDWLRQ  )RU WKLV SXUSRVH WKH LQWHUYHQWLRQ FRQVLVWHG RI WKUHH
GLIIHUHQWWRSLFVVWDUWLQJZLWKDEDODQFHFLUFXLWIROORZHGE\WZR3DUNRXUOHVVRQVDQG ILQDOO\
HQGHGZLWKFRPSHWLWLYHEDODQFHJDPHVFKLOGRULHQWHG%7VHH7DEOH7KHDLPRIWKHEDODQFH
FLUFXLWZDVWRSURYLGHDKLJKYDULHW\RIGLIIHUHQWEDODQFHH[HUFLVHVZLWKDGMXVWDEOHOHYHOVRI
GLIILFXOW\WRSURYLGHDSSURSULDWHFKDOOHQJHVIRUDOOFKLOGUHQDGROHVFHQWV7KHIROORZLQJ3DUNRXU
OHVVRQVZHUHGHVLJQHGWRIRVWHUWKHIUHHGRPRIFKRLFHE\HQJDJLQJWKHSDUWLFLSDQWVWRH[SORUH
WKHLU RZQ ZD\ DQG WHFKQLTXHV WR EDODQFH RYHU WKH XQVWDEOH REVWDFOHV $QG ILQDOO\ WKH
FRPSHWLWLYHEDODQFHJDPHVFKDOOHQJHGSDUWLFLSDQWVWRSHUIRUPEDODQFHH[HUFLVHVDVORQJJRRG
DVSRVVLEOH)RUWKLVSXUSRVHSHUIRUPDQFHVZHUHUHJXODUO\FRPSDUHGZLWKRWKHUSDUWLFLSDQWVRU
ZLWKRZQSUHYLRXVUHVXOWV7KHEDODQFHH[HUFLVHVDQGWKHVSHFLILFLQVWUXFWLRQVZHUHWHVWHG
LQDSUHVWXG\LQWKUHHRWKHUVFKRROFODVVHVZLWKFKLOGUHQDQGDGROHVFHQWVRIVLPLODUDJH–
– DQG – \HDUV 3DUWLFLSDWLRQZDV FDSWXUHG E\ DQDO\]LQJ WKH DFWLYLW\ WLPHGXULQJ
SK\VLFDOHGXFDWLRQVHVVLRQV3DUWLFLSDQWVPHDQDFWLYLW\ WLPHLQ WKHSUHVWXG\ZDVDERYH WKH
UHFRPPHQGHGRIWRWDOOHVVRQWLPHIRUDOORIWKHGHYHORSHGVHVVLRQV,QDGGLWLRQ
LQDOODJHJURXSVWKHDFWLYLW\WLPHGXULQJH[HUFLVHVDWWKHHQGRIWKHVHVVLRQVZDVQRWGHFUHDVHG
FRPSDUHG WR H[HUFLVHV DW WKH EHJLQQLQJ RI WKH VHVVLRQV LQGLFDWLQJ WKDW WKH ZLOOLQJQHVV RI
SDUWLFLSDWLRQZDVKLJKXQWLOWKHHQGRIWKH%7
$OOSDUWLFLSDQWVRIWKH&21JURXSVIROORZHGUHJXODUSK\VLFDOHGXFDWLRQOHVVRQVGXULQJ
WKHILYHZHHNVEHWZHHQSUHDQGSRVWWHVWV7KHDPRXQWRISK\VLFDOHGXFDWLRQZDVWKHUHIRUH
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LGHQWLFDOIRU,17DQG&21JURXSV:KLOHWKH,17JURXSVZHUHH[FOXVLYHO\ZRUNLQJRQSRVWXUDO
FRQWUROWKH&21JURXSVZHUHH[HUFLVLQJRQFRPPRQSK\VLFDOHGXFDWLRQWRSLFVQRVSHFLILF
%7H[HUFLVHV
 0HDVXUHPHQWV
3UHPHDVXUHPHQWVWRRNSODFHLQWKHZHHNEHIRUHWKHWUDLQLQJ,17VWDUWHG6LPLODUO\
SRVWPHDVXUHPHQWVZHUH DVVHVVHG LQ WKHZHHN DIWHU WKH WUDLQLQJZDV FRPSOHWHG 7KH VDPH
SURFHGXUHZDVFRQVLGHUHGIRUSDUWLFLSDQWVRIWKH&21JURXSV
 Balance tests on the force plate
&HQWHURISUHVVXUH&23PHDVXUHPHQWVRQWKHIRUFHSODWHPP25–IRUFH
SODWIRUP $GYDQFHG 0HFKDQLFDO 7HFKQRORJ\ ,QF :DWHUWRZQ 0$ 86$ ZKLFK KDYH
SUHYLRXVO\EHHQVKRZQWREHUHOLDEOHWRDQDO\]HEDODQFHDELOLWLHVZHUHXVHGWRHYDOXDWH
EDODQFH WHVWVZLWK GLIIHUHQW WHVW GLIILFXOWLHV LH VWDWLF DQG G\QDPLF GRXEOH DQG VLQJOHOHJ
VWDQFH WR FRYHU D ZLGH UDQJH RI SRVWXUDO FRQWURO OHYHOV %HIRUH UHFRUGLQJ SDUWLFLSDQWV
SHUIRUPHG WZR UHSHWLWLRQV LQ GRXEOH DQG VLQJOHOHJ ULJKW OHJ VWDQFH IRU  V WR EHFRPH
IDPLOLDUZLWKWKHVSLQQLQJWRS3HGDOR.UHLVHO3UR3HGHV¡FPKHLJKWFP$IWHU
WKHIDPLOLDUL]DWLRQSKDVHGDWDDFTXLVLWLRQVWDUWHGZLWKWKUHHVWDWLFEDODQFHWHVWVWDQGHPVWDQFH
IHHWRQRQHOLQHULJKWIRRWLQIURQW5RPEHUJVWDQFHIHHWSDUDOOHODQGLQWRXFKDQG5RPEHUJ
VWDQFHZLWKH\HVFORVHG6XEVHTXHQWO\WZRG\QDPLFEDODQFHWHVWVZHUHH[HFXWHGGRXEOHDQG
VLQJOHOHJULJKWOHJVWDQFHRQWKHVSLQQLQJWRS
)RUHDFKWHVWSDUWLFLSDQWVZHUHLQVWUXFWHGWRVWDQGDVTXLHWDVSRVVLEOHIRUVRQWKH
IRUFHSODWHZLWKWKHLUDUPVDNLPERDQGZLWKYLVXDOIL[DWLRQRQDFURVVPDUNHGRQWKHZDOO(DFK
WHVWZDVUHSHDWHGWZLFHZLWKDSDXVHRIPLQEHWZHHQWULDOVDQGPLQEHWZHHQGLIIHUHQWWHVWV
7KHVKRUWUHFRUGLQJWLPHDQGWKHIHZUHSHWLWLRQVZHUHFKRVHQGXHWRWKHIDFWWKDWFRQFHQWUDWLRQ
RIFKLOGUHQDGROHVFHQWVLVOLPLWHGLQWLPH7RVWDQGDVTXLHWDVSRVVLEOHGHPDQGVKLJKOHYHOVRI
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FRQFHQWUDWLRQ DQG SURKLELWV DQ\ YROXQWDU\PRYHPHQWVZKLFKZDV SDUWLFXODUO\ KDUG IRU WKH
\RXQJHVWJURXSWRDFFRPSOLVKIRURYHUV,IDSDUWLFLSDQWPRYHGWKHIRRWRUVWXPEOHGGXULQJ
GDWDDFTXLVLWLRQDWKLUGWULDOZDVUHFRUGHGPD[LPDOWKUHHWULDOVSHUWHVW'DWDZDVUHFRUGHGDW
N+]ZLWKFXVWRPEXLOWVRIWZDUH/DE9LHZEDVHG1DWLRQDO,QVWUXPHQWV&RUSRUDWLRQ$XVWLQ
7;86$DQGDQDO\]HGRIIOLQHLQ0DW/DE5D7KH0DWK:RUNV,QF1DWLFN0$86$
$IWHUDSSO\LQJDORZSDVVILOWHU+]WKH[DQG\FRRUGLQDWHVRIWKH&23ZHUHFDOFXODWHG
ZLWKWKHHTXDWLRQVݔ ൌ
ି௛ிೣ ିெ೤
୊೥
DQGݕ ൌ
ି௛ி೤ାெೣ
୊೥
UHVSHFWLYHO\ZKHUHKFRUUHVSRQGHGWRWKH
GLVWDQFHEHWZHHQWKHIHHWDQGWKHIRUFHSODWH)RUWKHILUVWWKUHHWHVWVKZDVGHILQHGDVFP
EHFDXVHVXEMHFWVVWRRGGLUHFWO\RQWKHIRUFHSODWH)RUWKHWHVWVZLWKWKHVSLQQLQJWRSKZDV
GHILQHG DV WKH KHLJKW RI WKH VSLQQLQJ WRS  FP 7KH FRRUGLQDWHV [ DQG \ZHUH XVHG WR
JHQHUDWHDVWDELORJUDPDQGWKH&23VZD\ZDVFDOFXODWHGE\VXPPLQJWKHGLVWDQFHEHWZHHQWKH
SRLQWVRIWKHVWDELORJUDPLH&23VZD\SHUV)RUHDFKWHVWRQO\WKHEHVWWULDOZDVXVHG
IRUIXUWKHUDQDO\VLVEHFDXVHRIWKHKLJKYDULDELOLW\EHWZHHQWULDOV7KUHHSDUWLFLSDQWVRI<,17
DQGWZRSDUWLFLSDQWVRI<&21KDGWREHH[FOXGHGLQWKHVLQJOHOHJVWDQFHRQWKHVSLQQLQJWRS
DVWKH\ZHUHQRWDEOHWRPDLQWDLQWKHFRUUHFWSRVLWLRQIRUV
2.3.2 Balance test on the free-swinging platform 
$ WZRGLPHQVLRQDO IUHHVZLQJLQJ SODWIRUP 3RVWXURPHG +DLGHU %LRVZLQJ
3XOOHQUHXWK*HUPDQ\ZDVXVHGWRDVVHVVEDODQFHLQDG\QDPLFVWDELOL]DWLRQWDVN$IWHU
WZRIDPLOLDUL]DWLRQWULDOVRQWKHSODWIRUPLQGRXEOHDQGVLQJOHOHJULJKWOHJVWDQFHIRUV
DOOSDUWLFLSDQWVVWDUWHGZLWKWKUHHFRQVHFXWLYHGRXEOHOHJVWDQFHWULDOVIROORZHGE\WKUHHVLQJOH
OHJWULDOV7HVWLQVWUXFWLRQVDQGSDXVHVEHWZHHQWULDOVDQGVHULHVZHUHVLPLODUWRWKHWHVWVRQWKH
IRUFH SODWH ,I RQH WULDOZDV QRW H[HFXWHG FRUUHFWO\ RQH DGGLWLRQDO WULDOZDV UHFRUGHG7ZR
UHIOHFWLQJPDUNHUVZHUHIL[HGRQWKHSODWIRUPWRFDSWXUHWKHVZD\RIWKHSODWIRUPZLWKD9LFRQ
6\VWHP9LFRQ0RWLRQ6\VWHPV/WG2[IRUG8.'DWDZHUHVDPSOHGDW+]ZLWK
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9LFRQ6RIWZDUHDQGDQDO\]HGRIIOLQHZLWK0DW/DE)RUERWKWHVWVWKHEHVWWULDOZDVXVHGIRU
IXUWKHUDQDO\VLV7ZRSDUWLFLSDQWVRIWKH2,17KDGWREHH[FOXGHGLQWKHVLQJOHOHJVWDQFHRQ
WKHIUHHVZLQJLQJSODWIRUPGXHWRLQFRPSOHWHGDWDDFTXLVLWLRQ
2.3.3 Countermovement jump 
$IWHUDVKRUWZDUPXSMRJJLQJDQGKRSSLQJSDUWLFLSDQWVSHUIRUPHGFRXQWHUPRYHPHQW
MXPSV&0-RQWKHIRUFHSODWH3DUWLFLSDQWVZHUHLQVWUXFWHGWRMXPSZLWKWKHLUDUPVDNLPER
DVKLJKDVSRVVLEOHZLWKPD[LPXPHIIRUWLQHDFKMXPS$IWHUWZRMXPSVIRUIDPLOLDUL]DWLRQVL[
&0-VZHUHUHFRUGHGZLWKDEUHDNRIVEHWZHHQMXPSV9HUWLFDOJURXQGUHDFWLRQIRUFHVIURP
WKHIRUFHSODWHZHUHVDPSOHGDWN+]DQGDQDO\]HGRIIOLQHZLWK0DW/DE9DOXHVEHORZ1
ZHUHFRQVLGHUHGWRUHSUHVHQWWKHIOLJKWSKDVH-XPSKHLJKWZDVFDOFXODWHGE\WKHIRUPXODMXPS
KHLJKW JWZKHUHJLVWKHDFFHOHUDWLRQRIJUDYLW\DQGWUHSUHVHQWVWKHGXUDWLRQRIWKH
IOLJKWSKDVH7KHEHVWRXWRIWKHVL[&0-ZDVXVHGIRUIXUWKHUDQDO\VLV2QHSDUWLFLSDQWRI2
&21KDGWREHH[FOXGHGIURPWKLVWHVW
2.3.4 Explosive strength 
([SORVLYH VWUHQJWK RI WKH SODQWDU IOH[RU PXVFOHV ZDV DVVHVVHG E\ GHWHUPLQLQJ WKH
PD[LPDOUDWHRIWRUTXHGHYHORSPHQW57')RUWKLVSXUSRVHSDUWLFLSDQWVZHUHLQDVXSLQH
SRVLWLRQZLWKVWUDLJKWOHJVDQGWKHULJKWIRRWWLJKWO\IL[HGWRDQLVRNLQHWLFG\QDPRPHWHU+XPDF
1RUP&RPSXWHU6SRUWV0HGLFLQH,QF6WRXJKWRQ0$86$7KHD[LVRIWKHDQNOHMRLQWZDV
H[DFWO\DOLJQHGZLWKWKHD[LVRIWKHG\QDPRPHWHU7KHORZHUOHJZDVIL[HGWRWKHVHDWE\D
ODUJH VWUDS WR DYRLG FRQWULEXWLRQ IURP NQHH RU KLS H[WHQVRUV 'DWD ZDV UHFRUGHG GXULQJ
LVRPHWULFFRQWUDFWLRQVLQDQHXWUDODQNOHMRLQWSRVLWLRQ3DUWLFLSDQWVZHUHLQVWUXFWHGWRH[HFXWH
WKH SODQWDU IOH[LRQ DV IDVW DV SRVVLEOH 7KH PHDVXUHPHQW FRQWDLQHG WKUHH WULDOV IRU
IDPLOLDUL]DWLRQIROORZHGE\WULDOV$SDXVHRIVEHWZHHQWZRFRQVHFXWLYHWULDOVDQGRI
PLQEHWZHHQWKHWZRVHWVZDVJLYHQ6DPSOLQJIUHTXHQF\IRU57'GDWDZDVVHWDWN+]7KH
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PD[LPDO57'ZDVGHWHUPLQHGRIIOLQHLQ0DW/DEVHOHFWLQJWKHPVZLQGRZZLWKWKHODUJHVW
LQFUHDVHLQWRUTXH7KHYDOXHRIWKHEHVWWULDOZDVXVHGIRUIXUWKHUDQDO\VLV'XHWRLQFRPSOHWH
GDWDDFTXLVLWLRQWKUHHSDUWLFLSDQWVRI2,17FRXOGQRWEHLQFOXGHGLQWKHDQDO\VLV
 6WDWLVWLFV
&KDQJHV LQ EDODQFH SHUIRUPDQFH ZHUH DQDO\]HG XVLQJ D WKUHHZD\ PL[HG GHVLJQ
UHSHDWHG PHDVXUHV $129$ ZLWK WKH ZLWKLQVXEMHFW IDFWRU 7,0( SUH YV SRVW DQG WKH
EHWZHHQVXEMHFW IDFWRUV*5283,17YV&21DQG$*( <YV0YV2 ,Q WKHFDVHRI
VLJQLILFDQWFYDOXHVp DSRVWKRFDQDO\VLVZLWK%RQIHUURQLcorrected Student’s tWHVWV
ZDVDSSOLHG WRGHWHUPLQHVLJQLILFDQWGLIIHUHQFHVEHWZHHQ IDFWRUV OHYHOV)XUWKHUPRUHHIIHFW
VL]HVRI$129$Vare presented as partial eta square values (ȘSVPDOOHIIHFW PHGLXP
HIIHFWODUJHHIIHFWand for Student’s tWHVWVDV3HDUVRQFRUUHODWLRQFRHIILFLHQWUVPDOO
HIIHFWPHGLXPHIIHFWODUJHHIIHFW6366VRIWZDUH9HUVLRQ,%0&RUS,%0
63666WDWLVWLFVIRU:LQGRZV$UPRQN1<ZDVXVHGIRUDOOVWDWLVWLFDODQDO\VHV
 5(68/76
 $JH
7KHWKUHHZD\PL[HGGHVLJQ$129$ZLWKUHSHDWHGPHDVXUHVUHYHDOHGDVLJQLILFDQW
HIIHFWIRUWKHIDFWRU$*(LQDOOPHDVXUHGSRVWXUDOFRQWUROSDUDPHWHUVLQ57'DQGLQ&0-3RVW
KRFDQDO\VHVVKRZHGVLJQLILFDQWGLIIHUHQFHVEHWZHHQ<DQGWKHWZRROGHUJURXSV0DQG2
IRU HDFK SDUDPHWHU LQGLFDWLQJ WKDW SHUIRUPDQFHV RI WKH \RXQJHVW JURXS ZHUH VLJQLILFDQWO\
ORZHUFRPSDUHGWRWKHROGHUJURXSV1RGLIIHUHQFHVZHUHIRXQGEHWZHHQ0DQG2H[FHSWIRU
57'p r ZKHUHWKHROGHVWJURXSJHQHUDWHGKLJKHUYDOXHVWKDQ0
 7UDLQLQJDGDSWDWLRQV
6LJQLILFDQW7,0(*5283LQWHUDFWLRQVZHUHIRXQGIRUWDQGHPVWDQFHF p
 ȘS VLQJOHOHJVWDQFHRQWKHVSLQQLQJWRSF p ȘS VHH
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)LJXUHDQG57'F p ȘS VHH)LJXUH3RVWKRFDQDO\VHVRIWDQGHP
VWDQFHUHYHDOHGQRVLJQLILFDQWFKDQJHVIRUHLWKHU,17RU&21RYHUWLPH,QFRQWUDVWFKLOGUHQ
RIWKH,17JURXSLPSURYHGVLJQLILFDQWO\IURPSUHWRSRVWWHVWLQWKHVLQJOHOHJVWDQFHRQWKH
VSLQQLQJWRSp r ZKHUHDVSHUIRUPDQFHRIWKH&21JURXSGLGQRWFKDQJH
p rVHH)LJXUH)LJXUHGLVSOD\VEHWWHULQLWLDOEDODQFHSHUIRUPDQFHV
SUHWHVWIRU&21JURXSVFRPSDUHGWR,17JURXSV+RZHYHUWKLVGLIIHUHQFHLVVWDWLVWLFDOO\
QRWVLJQLILFDQWp r 3RVLWLYHDGDSWDWLRQVLQUHVSRQVHWR%7FDQDOVREHUHSRUWHG
IRU57'ZKHUHWKHH[SORVLYHVWUHQJWKRI,17LQFUHDVHGVLJQLILFDQWO\p r 
ZKLOHWKHUHZDVQRVLJQLILFDQWFKDQJHLQWKH&21JURXSp r VHH)LJXUH
 ,Q DOO RWKHU PHDVXUHG SDUDPHWHUV QR VLJQLILFDQW 7,0(*5283 LQWHUDFWLRQV FRXOG EH
GHWHUPLQHG,QWKLVFRQWH[WLWKDVWREHQRWHGWKDWWKH7,0(*5283LQWHUDFWLRQIRUVLQJOHOHJ
VWDQFHRQWKHIUHHVZLQJLQJSODWIRUPIDLOHGWRUHDFKVLJQLILFDQFHGXHWRLPSURYHGSHUIRUPDQFH
LQERWKWKH,17DQGWKH&21JURXSVHH)LJXUH%
 $JHVSHFLILFDGDSWDWLRQV
6WDWLVWLFDODQDO\VHVUHYHDOHGVLJQLILFDQW7,0(*5283$*(LQWHUDFWLRQVIRUVLQJOH
OHJVWDQFHRQWKHVSLQQLQJWRSF p ȘS VHH)LJXUH$DQGIRUVLQJOH
OHJVWDQFHRQWKHIUHHVZLQJLQJSODWIRUPF p ȘS 6HH)LJXUH%
3RVWKRFWHVWLQJRIVLQJOHOHJVWDQFHRQWKHVSLQQLQJWRSLQGLFDWHGVLJQLILFDQWLPSURYHPHQWVIRU
<,17p r DQGIRU0,17p r ZKHUHDVIRU2,17p r 
 DQG IRU DOO &21 JURXSV QR VLJQLILFDQW FKDQJHV IURP SUH WR SRVW ZHUH REVHUYHG
,QWHUHVWLQJO\WKHODUJHVWLPSURYHPHQWLQWKLVSRVWXUDOFRQWUROWDVNFRXOGEHGHWHFWHGLQ<,17
7KHROGHUJURXSVIROORZHGZLWK0,17DQG2,17GHPRQVWUDWLQJ
SRVLWLYHDGDSWDWLRQVLQUHVSRQVHWRFKLOGRULHQWHG%7SDUWLFXODUO\LQWKH\RXQJHVWFKLOGUHQ3RVW
KRF DQDO\VHV IRU VLQJOHOHJ VWDQFH RQ WKH IUHHVZLQJLQJ SODWIRUP VKRZHG VXEVWDQWLDO
11
htt
p:/
/do
c.r
ero
.ch

LPSURYHPHQWVLQ<,17p r DQG2,17p r EXWQRSHUIRUPDQFH
JDLQVIRU0,17p r 3ODWIRUPVZD\UHGXFWLRQVLQVLQJOHOHJVWDQFHZHUHQRW
H[FOXVLYHO\REVHUYHGIRUWKHLQWHUYHQWLRQJURXSVEXWZHUHDOVRVHHQLQWKHFRQWUROJURXSV0
&21p r DQG2&21p r RQWKHIUHHVZLQJLQJSODWIRUP7KH
UHGXFWLRQVRIIRU0&21DQGIRU2&21LQWKHSODWIRUPVZD\SDWKLQVLQJOH
OHJVWDQFHZHUHVPDOOHUWKDQLQ<,17EXWODUJHUWKDQLQ2,17DQG0,17
3RVWKRFDQDO\VHVRISUHWHVWSHUIRUPDQFHVEHWZHHQ,17DQG&21IRUHDFKDJHJURXS
UHYHDOHGQRVLJQLILFDQWGLIIHUHQFHVLQVLQJOHOHJVWDQFHRQWKHVSLQQLQJWRS<p r 
0p r 2p r VHH)LJXUH$DQGVLQJOHOHJVWDQFHRQWKHIUHH
VZLQJLQJSODWIRUP<p r 0p r 2p r VHH)LJXUH
%1RDJHVSHFLILFDGDSWDWLRQVZHUHGHWHFWHGIRU57') p= .589; ȘS 
LQGLFDWLQJWKDW57'ZDVVLPLODUO\LQFUHDVHGLQWKHWKUHHGLIIHUHQWDJHJURXSVWKDWXQGHUZHQW
FKLOGRULHQWHG%7
 ',6&866,21
7KHFXUUHQW UHVXOWVDUH LPSRUWDQW WRKLJKOLJKW WKDWEDODQFHVNLOOVFDQEHVXFFHVVIXOO\
WUDLQHG LQ FKLOGUHQ IURP DW OHDVW WKH DJH RI VL[ 3UHYLRXV VWXGLHV LPSOHPHQWLQJ EDODQFH
LQWHUYHQWLRQV LQ FKLOGUHQ DQG DGROHVFHQWVZHUH KHWHURJHQHRXV LQ WHUPV RI DJH DQG WUDLQLQJ
FRQWHQWDQGUHYHDOHGDPELJXRXVUHVXOWVZLWKRXWFOHDUHYLGHQFHIRUDSRVLWLYHHIIHFWRI%7RQ
SRVWXUDO FRQWURO 1RWDEO\ WKLV LV WKH ILUVW VWXG\ VKRZLQJ SRVLWLYH HIIHFWV RI %7 LQ \RXQJ
FKLOGUHQ7KLVPD\EHVXUSULVLQJDVLWLVZHOONQRZQWKDW%7SURPRWHVSRVWXUDOFRQWUROLQ\RXQJ
DQGROGHUDGXOWV
 3RVWXUDOFRQWURODQGH[SORVLYHVWUHQJWKDFURVVDJHV
3RVWXUDOFRQWURODVZHOODVIRUFHDELOLWLHVGHYHORSZLWKLQFUHDVLQJDJHDQG
GRQRWDFKLHYHSHDNYDOXHVEHIRUHHDUO\DGXOWKRRG:KLOHWKH\RXQJHVWJURXSLQWKH
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SUHVHQWVWXG\FOHDUO\VKRZHGWKHZRUVWSHUIRUPDQFHLQDOOWHVWVWKHGLIIHUHQFHEHWZHHQWKHWZR
ROGHUJURXSVZDVVPDOORUHYHQQRQH[LVWHQW,QSRVWXUDOFRQWURODQGMXPSWDVNVQRVWDWLVWLFDO
GLIIHUHQFHVEHWZHHQ0DQG2ZHUHGHWHFWHG+RZHYHU57'GLIIHUHGVLJQLILFDQWO\DPRQJDOO
DJHJURXSVLQGLFDWLQJWKDWH[SORVLYHVWUHQJWKDQGSRVWXUDOFRQWUROGRQRWGHYHORSLQSDUDOOHOLQ
FKLOGUHQDGROHVFHQWV2XUUHVXOWVWKHUHIRUHVXSSRUWWKHDVVXPSWLRQWKDWIRUFHLVFRQWLQXRXVO\
DQGFRQVLGHUDEO\LQFUHDVLQJGXULQJFKLOGKRRGZKHUHDVSRVWXUDOFRQWUROVHHPVWRPDWXUH
SUHGRPLQDQWO\EHWZHHQWKHDJHRIVL[DQGDQGRQO\PDUJLQDOO\IURPWR\HDUV
,QOLQHZLWKWKLVDQDGXOWOLNHEDODQFHFRQWUROFDQXVXDOO\EHVHHQDURXQGWKHDJHRI–
\HDUV   $V PHQWLRQHG DERYH WKH SRVWXUDO FRQWURO V\VWHP XQGHUJRHV D SURIRXQG
UHRUJDQL]DWLRQSURFHVVVWDUWLQJDWDURXQGWKHDJHRIVL[7KH\RXQJHVWJURXSRIWKHSUHVHQW
VWXG\ ZDV DW WKH EHJLQQLQJ RI WKLV UHRUJDQL]DWLRQ SURFHVV DQG ZDV SUREDEO\ XVLQJ RWKHU
PHFKDQLVPVWRFRQWUROEDODQFHWKDQWKHROGHUSDUWLFLSDQWV$VWKHWZRROGHUJURXSVVKRZHG
FRPSDUDEOHEDODQFHSHUIRUPDQFHVZHDVVXPH WKDW WKHVHJURXSV UHOLHGRQ VLPLODUDQGPRUH
PDWXUHSRVWXUDOFRQWUROVWUDWHJLHV
 7UDLQLQJDGDSWDWLRQV
3UHYLRXV%7VWXGLHV LQFKLOGUHQ\RXQJHU WKDQ\HDUV UHSRUWHGHLWKHUQRHIIHFWVRQ
SRVWXUDOFRQWUROWDVNVSHFLILFDGDSWDWLRQVRQO\RUHYHQLPSURYHGSRVWXUDOFRQWUROLQ
WUDQVIHU WDVNV +RZHYHU FRPSDULVRQVEHWZHHQ WKRVH VWXGLHVDUHKDUGO\SRVVLEOHDVQRW
RQO\WKHDJHRIWKHSDUWLFLSDQWVJUHDWO\GLIIHUHGEXWDOVRWKHWUDLQLQJFRQWHQW7KHUHIRUHWKHILUVW
VWHSLQHYDOXDWLQJWKHFXUUHQWWUDLQLQJDGDSWDWLRQVLVWRDVVHVVWKHLPSDFWRIWKHFKLOGRULHQWHG
%7LQJHQHUDOLHDFURVVDOOWKUHHDJHJURXSV:KHQDQDO\]LQJDOOWKUHH,17JURXSVWRJHWKHU
G\QDPLFEDODQFHZDV LPSURYHG ,Q DGGLWLRQ H[SORVLYH VWUHQJWKZDV VLJQLILFDQWO\ LQFUHDVHG
IURP SUH WR SRVWWHVW LQ WKH LQWHUYHQWLRQ JURXSV $OWKRXJK LQ \RXQJ DGXOWV LQFUHDVHV LQ
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
H[SORVLYHVWUHQJWKDIWHU%7KDYHUHSHDWHGO\EHHQUHSRUWHGIRUUHYLHZVHHWKLVLVWKHILUVW
VWXG\GHPRQVWUDWLQJWKDW%7FDQLPSURYHH[SORVLYHVWUHQJWKLQFKLOGUHQDQGDGROHVFHQWV
$SDUWIURPWKHVHJHQHUDOHIIHFWVDFURVVDOODJHJURXSVZHDOVRREVHUYHGDJHUHODWHG
WUDLQLQJDGDSWDWLRQVLQSRVWXUDOFRQWURO%DVHGRQSUHYLRXVVWXGLHVVKRZLQJQRRURQO\OLPLWHG
DGDSWDWLRQV LQ \RXQJ FKLOGUHQ DIWHU %7   LW ZDV K\SRWKHVL]HG WKDW ROGHU
FKLOGUHQDGROHVFHQWVZRXOG EHQHILWPRUH IURP WKH LQWHUYHQWLRQ SUREDEO\ GXH WR WKHLUPRUH
PDWXUHGSRVWXUDOFRQWUROV\VWHP+RZHYHUWKH\RXQJHVWJURXSLPSURYHGWRDODUJHUH[WHQWWKDQ
WKHWZRROGHUJURXSVWKDWVKRZHGVLPLODUSHUIRUPDQFHDGMXVWPHQWV7KHUHDVRQIRUWKLVJUHDWHU
LPSURYHPHQWLQWKH\RXQJHVWJURXSRIFKLOGUHQPLJKWEHGXHWRWKHLUORZHUOHYHORISRVWXUDO
FRQWURODWEDVHOLQH7KXV\RXQJFKLOGUHQKDGDODUJHUUDQJHRILPSURYHPHQWDYDLODEOHZKHUHDV
FHLOLQJHIIHFWVPLJKWKDYHOLPLWHGLPSURYHPHQWVLQWKHWZRROGHUJURXSV$OWHUQDWLYHO\LWFRXOG
EHDUJXHGWKDWWKHLPPDWXULW\RIWKHEDODQFHFRQWUROV\VWHPLQFKLOGUHQKDVDJUHDWHUDGDSWLYH
UHVHUYHDQGPLJKW WKHUHIRUHDGDSWPRUHTXLFNO\+RZHYHU LQRUGHU WRDQVZHU WKLVTXHVWLRQ
EDODQFHWHVWVQHHGWREHGHYHORSHGWKDWDOORZDFRQWLQXRXVOLQHDUSURJUHVVLRQRIGLIILFXOW\
WKDW FDQ EH TXDQWLILHG 1HYHUWKHOHVV DOWKRXJK ZH FDQQRW DQVZHU ZK\ WKH \RXQJHVW JURXS
GLVSOD\HGWKHODUJHVWWUDLQLQJHIIHFWVWKHSUHVHQWUHVXOWVSRLQWRXWWKDWWKHDJH–RUWKHLPPDWXUH
SRVWXUDO FRQWURO V\VWHP – LV QRW D OLPLWLQJ IDFWRU IRU %7LQGXFHG LPSURYHPHQWV LQ \RXQJ
FKLOGUHQ
 7UDLQLQJFRQWHQW
3UHYLRXV%7LQWHUYHQWLRQVZLWKKHDOWK\FKLOGUHQGLIIHUHGTXLWHFOHDUO\IURPRQHDQRWKHU
7KHILUVWWUDLQLQJLQWHUYHQWLRQDSSOLHGLQ\RXQJFKLOGUHQZDVFODVVLFDO%7$FFRUGLQJWRWKH
DXWKRUVWKLVNLQGRIWUDLQLQJGLGQRWVXIILFLHQWO\PRWLYDWHWKHFKLOGUHQWRDFWLYHSDUWLFLSDWLRQ
 6XEVHTXHQW VWXGLHV DSSOLHG RWKHU WUDLQLQJ FRQWHQWV VXFK DV LQOLQH VNDWLQJ  RU
VODFNOLQLQJ:KLOHWKHIRUPHUSURYRNHGLPSURYHPHQWVLQSRVWXUDOWUDQVIHUWDVNVWKHODWWHU
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
UHSRUWHGRQO\WDVNVSHFLILFLPSURYHPHQWVRQWKHVODFNOLQHHYHQWKRXJKWKHWUDLQLQJVFKHGXOH
LQFRUSRUDWHGGDLO\WUDLQLQJVHVVLRQVRIPLQXWHVZLWKRQO\DVPDOOQXPEHURIFKLOGUHQWZR
WR WKUHH+RZHYHU LW KDV WR EH QRWHG WKDWZKHQ FRQVLGHULQJ VODFNOLQH WUDLQLQJ LQ JHQHUDO
EHKDYLRUDODGDSWDWLRQVVHHPWREHVSHFLILFWRWKHVODFNOLQHZLWKOLWWOHRUQRWUDQVIHUWRRWKHU
EDODQFHWDVNV,QFRQWUDVWWKHSUHVHQWUHVXOWVGHPRQVWUDWHWKDWFKLOGRULHQWHG%7OHDGV
WRLPSURYHPHQWVLQSRVWXUDOWUDQVIHUWDVNVLQFKLOGUHQIURPWKHDJHRIVL[RQZDUGV7KHFKLOG
RULHQWHG%7ZDVGHVLJQHGWRKLJKO\PRWLYDWHWKHFKLOGUHQIRUWKHEDODQFHLQWHUYHQWLRQ,QRUGHU
WRWHVWWKHFRPSOLDQFHLQWKHFKLOGRULHQWHG%7DFWLYLW\WLPHZDVPHDVXUHGLQDSUHVWXG\DQG
ZDV VKRZQ WR EH KLJKHU WKDQ WKH UHFRPPHQGHG YDOXH RI RI WRWDO OHVVRQ WLPH  ,Q
DGGLWLRQWKHVXSHUYLVRUVRIWKHWUDLQLQJUHSRUWHGWKHSHUVLVWHQWLQWHUHVWDQGZLOOLQJQHVVRIWKH
FKLOGUHQDQGDGROHVFHQWVWRSDUWLFLSDWHLQWKHWUDLQLQJVHVVLRQVZLWKJUHDWGHGLFDWLRQDQGHIIRUW
$OOWHDFKHUVDQGVXSHUYLVRUVFRQVLGHUHGWKHWUDLQLQJLQWHUYHQWLRQWREHDGHTXDWHIRUFKLOGUHQ
DQGDGROHVFHQWV,WPD\WKHUHIRUHEHDVVXPHGWKDWWKHFKLOGRULHQWHGWDLORULQJRIWKH%7ZDV
HVVHQWLDO WR JHW WKH SDUWLFLSDQWV KLJKO\ LQYROYHG LQ WKH WUDLQLQJ SURFHVV SUREDEO\ WKHPRVW
LPSRUWDQWSUHUHTXLVLWHIRUSRVLWLYHWUDLQLQJDGDSWDWLRQV&RQVHTXHQWO\JUHDWHPSKDVLVVKRXOG
EHSODFHGRQWKHWUDLQLQJFRQWHQWLQRUGHUWRLPSURYHSRVWXUDOFRQWUROLQ\RXQJFKLOGUHQDQG
DGROHVFHQWV
 /LPLWDWLRQV
1R LPSURYHPHQWV IURP SUH WR SRVW ZHUH IRXQG ZKHQ DVVHVVLQJ EDODQFH LQ VWDWLF
FRQGLWLRQV :H DVVXPH WKDW WKH VWDWLF WHVWV ZHUH QRW GLIILFXOW HQRXJK WR GHWHFW DQ\
LPSURYHPHQWV6LPLODUO\WZRG\QDPLFWHVWVLQZKLFKFKLOGUHQZHUHVWDQGLQJRQERWKOHJVZHUH
SUREDEO\QRWGLIILFXOWHQRXJKWRLGHQWLI\SHUIRUPDQFHJDLQV7KLVILQGLQJKDVSUHYLRXVO\EHHQ
UHSRUWHGIRUKHDOWK\VHQLRUVDIWHUDQLQOLQHVNDWLQJLQWHUYHQWLRQZKHUHWKHPDJQLWXGHRI
WUDLQLQJ DGDSWDWLRQ FRUUHODWHG ZLWK EDODQFH WHVW GLIILFXOW\ ,W ZDV IXUWKHU REVHUYHG WKDW
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3DUNLQVRQSDWLHQWVPD\SHUIRUPVWDWLFEDODQFHWHVWVHYHQPRUHVWHDGLO\WKDQKHDOWK\SHUVRQV
EXWDVVRRQDVWKHGLIILFXOW\OHYHORIWKHEDODQFHWHVWZDVLQFUHDVHG3DUNLQVRQSDWLHQWVFOHDUO\
GLVSOD\HGPRUHVZD\7KLVLOOXVWUDWHVWKDWOHVVGHPDQGLQJEDODQFHWHVWVDUHRIWHQ
XQVXLWDEOHWRGHWHFWLPSURYHPHQWVRUGLIIHUHQFHVLQSRVWXUDOFRQWURO)RUWKHSUHVHQWVWXG\WKH
OHYHORIGLIILFXOW\IRUWKHSRVWXUDOFRQWUROWHVWVZDVFKRVHQWREHUDWKHUORZVRWKDWWKHVL[\HDU
ROGFKLOGUHQFRXOGDOVRVXFFHVVIXOO\DFFRPSOLVKWKHPLHDYRLGLQJIORRUHIIHFWV$VWKHUDQJH
RIWDVNGLIILFXOW\IRUWUDLQLQJJDLQGHWHFWLRQLVSUREDEO\VPDOO–GXHWRFHLOLQJHIIHFWVIRUIDFLOH
WHVWVDQGIORRUHIIHFWVIRUGLIILFXOWWHVWV–WKHSRVWXUDOFKDOOHQJHPLJKWKDYHEHHQWRRORZIRU
WKHROGHUDJHJURXSVLQWKHFXUUHQWVWXG\7KXVWKHFHLOLQJHIIHFWVPLJKWKDYHSUHYHQWHGJUHDWHU
DGDSWDWLRQVLQWKHWZRROGHUJURXSV7RFRXQWHUDFWWKLVOLPLWDWLRQIXWXUHVWXGLHVVKRXOGDSSO\
WHVWVZLWKDGMXVWDEOHGLIILFXOW\OHYHOV
6LJQLILFDQWO\UHGXFHGVZD\SDWKVIRUWZR&21JURXSV0DQG2ZHUHIRXQGLQWKH
VLQJOHOHJVWDQFHRQWKHIUHHVZLQJLQJSODWIRUP$OWKRXJKVHYHUDOIDPLOLDUL]DWLRQWULDOVZHUH
SHUIRUPHG EHIRUH WKH ILUVW PHDVXUHPHQW LW PLJKW EH DVVXPHG WKDW SUHWHVWLQJ RQ WKH IUHH
VZLQJLQJSODWIRUP–ZKLFKZDVDQRYHOGHYLFHIRUDOOSDUWLFLSDQWV–VWLOOHOLFLWHGOHDUQLQJHIIHFWV
WKDWOHGWRLPSURYHGSHUIRUPDQFHLQWKHSRVWWHVW
 &21&/86,21
7KHSUHVHQWVWXG\SURYLGHVHYLGHQFHWKDWSRVWXUDOFRQWUROLQWUDQVIHUWDVNVDQGH[SORVLYH
VWUHQJWK FDQEH LPSURYHG LQ FKLOGUHQ DQG DGROHVFHQWVE\ DSSO\LQJ FKLOGRULHQWHG%7$JH
VSHFLILFWUDLQLQJDGDSWDWLRQVZHUHIRXQGZLWKJUHDWHVWJDLQVLQWKH\RXQJHVWJURXS:HDVVXPH
WKDWWKHORZHUSHUIRUPDQFHOHYHORIWKH\RXQJFKLOGUHQOHGWRWKLVJUHDWHULPSURYHPHQW0RUH
LPSRUWDQWO\ZHKDYHVKRZQWKDWWKH\RXQJDJHDQGWKXVWKHLPPDWXULW\RIWKHSRVWXUDOFRQWURO
V\VWHPGLGQRWSUHYHQWSRVLWLYHDGDSWDWLRQV7RWKHEHVWRIRXUNQRZOHGJHWKLVLVWKHILUVWVWXG\
GHPRQVWUDWLQJWKDWSRVWXUDOFRQWUROFDQEHWUDLQHGE\PHDQVRI%7IURPDVHDUO\DVVL[\HDUV
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ROG7KHIXQGDPHQWDOSUHUHTXLVLWHIRUWKLVVHHPVWREHWKHFRQWHQWRIWKH%7ZKLFKVKRXOGEH
WDLORUHGWRWKHQHHGVRIFKLOGUHQDQGDGROHVFHQWV
$&.12:/('*0(176
:H WKDQN5DQMLWK 6LYDJQDQDVHOYDP 6WHIDQLH 6WUDKP0DWWKLDV1HXKDXV 3DVFDO+DDE DQG
/XFD)LVFKHUIRUWKHLUVXSSRUW1RFRQIOLFWVRILQWHUHVWWRGHFODUH7KLVZRUNZDVVXSSRUWHGE\
WKH6ZLVV)HGHUDO2IILFHRI6SRUWV>JUDQWQXPEHU@
 
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 $OGHUPDQ%/%HLJKOH$3DQJUD]L53(QKDQFLQJPRWLYDWLRQLQSK\VLFDOHGXFDWLRQ
J Phys Educ Recreat Dance
 %DUR]]L66RFFL06RL'HWDO5HOLDELOLW\RISRVWXUDOFRQWUROPHDVXUHVLQFKLOGUHQ
DQG\RXQJDGROHVFHQWVEur Arch Otorhinolaryngol
 %DZD31HXUDOGHYHORSPHQWLQFKLOGUHQ$QHXURSK\VLRORJLFDOVWXG\
Electroencephalogr Clin Neurophysiol
 %RFFROLQL*%UD]]LW$%RQIDQWL/$OEHUWL*8VLQJEDODQFHWUDLQLQJWRLPSURYHWKH
SHUIRUPDQFHRI\RXWKEDVNHWEDOOSOD\HUVSport Sci Health
 %RVFR&.RPL39,QIOXHQFHRIDJLQJRQWKHPHFKDQLFDOEHKDYLRURIOHJH[WHQVRU
PXVFOHVEur J Appl Physiol Occup Physiol
 &XLVLQLHU52OLYLHU,9DXJR\HDX01RXJLHU9$VVDLDQWH&5HZHLJKWLQJRI
VHQVRU\LQSXWVWRFRQWUROTXLHWVWDQGLQJLQFKLOGUHQIURPWRDQGLQDGXOWVPLoS
OneH
 'H6WH&URL[0'HLJKDQ0$UPVWURQJ1$VVHVVPHQWDQGLQWHUSUHWDWLRQRI
LVRNLQHWLFPXVFOHVWUHQJWKGXULQJJURZWKDQGPDWXUDWLRQSports Med

 'RQDWK/5RWK55XHHJJH$*URSSD0=DKQHU/)DXGH2(IIHFWVRIVODFNOLQH
WUDLQLQJRQEDODQFHMXPSSHUIRUPDQFH	PXVFOHDFWLYLW\LQ\RXQJFKLOGUHQInt J 
Sports Med
 'RQDWK/5RWK5=DKQHU/)DXGH26ODFNOLQHWUDLQLQJDQGQHXURPXVFXODU
SHUIRUPDQFHLQVHQLRUV$UDQGRPL]HGFRQWUROOHGWULDOScand J Med Sci Sports

 *RXOHPH1(]DQH0':LHQHU9DFKHU6%XFFL036SDWLDODQGWHPSRUDOSRVWXUDO
DQDO\VLV$GHYHORSPHQWDOVWXG\LQKHDOWK\FKLOGUHQInt J Dev Neurosci

 *UDQDFKHU8*ROOKRIHU$6WUDVV'7UDLQLQJLQGXFHGDGDSWDWLRQVLQFKDUDFWHULVWLFVRI
SRVWXUDOUHIOH[HVLQHOGHUO\PHQGait Posture
 *UDQDFKHU8,WHQ15RWK5*ROOKRIHU$6ODFNOLQHWUDLQLQJIRUEDODQFHDQGVWUHQJWK
SURPRWLRQInt J Sports Med
 *UDQDFKHU80XHKOEDXHU70DHVWULQL/=DKQHU/*ROOKRIHU$&DQEDODQFH
WUDLQLQJSURPRWHEDODQFHDQGVWUHQJWKLQSUHSXEHUWDOFKLOGUHQ"J Strength Cond Res

 *UXEHU0*UXEHU6%7DXEH:6FKXEHUW0%HFN6&*ROOKRIHU$'LIIHUHQWLDO
HIIHFWVRIEDOOLVWLFYHUVXVVHQVRULPRWRUWUDLQLQJRQUDWHRIIRUFHGHYHORSPHQWDQG
QHXUDODFWLYDWLRQLQKXPDQVJ Strength Cond Res
 +RUDN)%1XWW-*1DVKQHU/03RVWXUDOLQIOH[LELOLW\LQSDUNLQVRQLDQVXEMHFWVJ
Neurol Sci
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 +\WRQHQ03\\NNR,$DOWR+6WDUFN-3RVWXUDOFRQWURODQGDJHActa Otolaryngol

 .HOOHU05|WWJHU.7DXEH:,FHVNDWLQJSURPRWHVSRVWXUDOFRQWUROLQFKLOGUHQ
Scand J Med Sci SportsH
 .LOSDWULFN0+HEHUW(-DFREVHQ'3K\VLFDODFWLYLW\PRWLYDWLRQ$SUDFWLWLRQHU
V
JXLGHWRVHOIGHWHUPLQDWLRQWKHRU\J Phys Educ Recreat Dance
 /HH'1$URQVRQ(9LVXDOSURSULRFHSWLYHFRQWURORIVWDQGLQJLQKXPDQLQIDQWV
Percept Psychophys
 /HVLQVNL0+RUWREDJ\L70XHKOEDXHU7*ROOKRIHU$*UDQDFKHU8'RVHUHVSRQVH
UHODWLRQVKLSVRIEDODQFHWUDLQLQJLQKHDOWK\\RXQJDGXOWV$V\VWHPDWLFUHYLHZDQG
PHWDDQDO\VLVSports Med
 /HVLQVNL0+RUWREDJ\L70XHKOEDXHU7*ROOKRIHU$*UDQDFKHU8(IIHFWVRI
EDODQFHWUDLQLQJRQEDODQFHSHUIRUPDQFHLQKHDOWK\ROGHUDGXOWV$V\VWHPDWLFUHYLHZ
DQGPHWDDQDO\VLVSports Med
 0XHKOEDXHU7.XHKQHQ0*UDQDFKHU8,QOLQHVNDWLQJIRUEDODQFHDQGVWUHQJWK
SURPRWLRQLQFKLOGUHQGXULQJSK\VLFDOHGXFDWLRQPercept Mot Skills

 0XOOHU2*XQWKHU0.UDXVV,+RUVWPDQQ73K\VLFDOFKDUDFWHUL]DWLRQRIWKH
WKHUDSHXWLFGHYLFH3RVWXURPHGDVDPHDVXULQJGHYLFHSUHVHQWDWLRQRIDSURFHGXUHWR
FKDUDFWHUL]HEDODQFLQJDELOLW\Biomed Tech
 3DOPLHUL50,QJHUVROO&'6WRQH0%.UDXVH%$&HQWHURISUHVVXUHSDUDPHWHUV
XVHGLQWKHDVVHVVPHQWRISRVWXUDOFRQWUROJ Sport Rehab
 3DX0/RL$3H]]RWWD0&'RHVVHQVRULPRWRUWUDLQLQJLPSURYHWKHVWDWLFEDODQFHRI
\RXQJYROOH\EDOOSOD\HUV"Sports Biomech
 3HWHUVRQ0/&KULVWRX(5RVHQJUHQ.6&KLOGUHQDFKLHYHDGXOWOLNHVHQVRU\
LQWHJUDWLRQGXULQJVWDQFHDW\HDUVROGGait Posture
 5DULFN*/6PROO)/6WDELOLW\RIJURZWKLQVWUHQJWKDQGPRWRUSHUIRUPDQFHIURP
FKLOGKRRGWRDGROHVFHQFHHum Biol
 5LDFK&/+D\HV.&0DWXUDWLRQRISRVWXUDOVZD\LQ\RXQJFKLOGUHQDev Med Child 
Neurol
 5LYDO&&H\WH+2OLYLHU,'HYHORSPHQWDOFKDQJHVRIVWDWLFVWDQGLQJEDODQFHLQ
FKLOGUHQNeurosci Lett
 6FKLHSSDWL0+XJRQ0*UDVVR01DUGRQH$*DODQWH07KHOLPLWVRIHTXLOLEULXP
LQ\RXQJDQGHOGHUO\QRUPDOVXEMHFWVDQGLQSDUNLQVRQLDQVElectroencephalogr Clin 
Neurophysiol
 6KXPZD\&RRN$:RROODFRWW0+7KHJURZWKRIVWDELOLW\3RVWXUDOFRQWUROIURPD
GHYHORSPHQWSHUVSHFWLYHJ Mot Behav
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 6PLWKVRQ)0RUULV0(,DQVHN53HUIRUPDQFHRQFOLQLFDOWHVWVRIEDODQFHLQ
3DUNLQVRQ
VGLVHDVHPhys Ther
 7DXEH:%UDFKW'%HVHPHU&*ROOKRIHU$7KHHIIHFWRILQOLQHVNDWLQJRQSRVWXUDO
FRQWUROLQHOGHUO\SHRSOHDtsch Z Sportmed
 7DXEH:*UXEHU0%HFN6)DLVW0*ROOKRIHU$6FKXEHUW0&RUWLFDODQGVSLQDO
DGDSWDWLRQVLQGXFHGE\EDODQFHWUDLQLQJ&RUUHODWLRQEHWZHHQVWDQFHVWDELOLW\DQG
FRUWLFRVSLQDODFWLYDWLRQActa Physiol
 7DXEH:*UXEHU0*ROOKRIHU$6SLQDODQGVXSUDVSLQDODGDSWDWLRQVDVVRFLDWHGZLWK
EDODQFHWUDLQLQJDQGWKHLUIXQFWLRQDOUHOHYDQFHActa Physiol
 7DXEH:.XOOPDQQ1/HXNHO&.XU]2$PWDJH)*ROOKRIHU$'LIIHUHQWLDOUHIOH[
DGDSWDWLRQVIROORZLQJVHQVRULPRWRUDQGVWUHQJWKWUDLQLQJLQ\RXQJHOLWHDWKOHWHVInt J 
Sports Med
 8QLWHG6WDWHV'HSDUWPHQWRI+HDOWKDQG+XPDQ6HUYLFHV+HDOWK\3HRSOH
:DVKLQJWRQ'&86*RYHUQPHQW3ULQWLQJ2IILFH
 :LQWHU7%HFN+:DOWKHU$=ZLSS+5HLQ6,QIOXHQFHRIDSURSULRFHSWLYH
WUDLQLQJRQIXQFWLRQDODQNOHVWDELOLW\LQ\RXQJVSHHGVNDWHUVDSURVSHFWLYH
UDQGRPLVHGVWXG\J Sports Sci
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)LJXUH&HQWHURISUHVVXUH&23VZD\IRUVLQJOHOHJVWDQFHRQWKHVSLQQLQJWRS,QWHUDFWLRQ
p ȘS ,17r %ODFNGRWVDQGOLQHVUHSUHVHQWDOOLQWHUYHQWLRQJURXSV,17
DQGJUH\GRWVDQGOLQHVDOOFRQWUROJURXSV&219DOXHVGLVSOD\HGDVPHDQDQGVWDQGDUGHUURU
p  

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)LJXUH5DWHRIWRUTXHGHYHORSPHQW57'IRUH[SORVLYHVWUHQJWKWHVWLQDQLVRPHWULFULJKW
OHJSODQWDUIOHFWLRQ,QWHUDFWLRQp ȘS ,17r %ODFNGRWVDQGOLQHVUHSUHVHQW
DOO LQWHUYHQWLRQ JURXSV ,17 DQG JUH\ GRWV DQG OLQHV DOO FRQWURO JURXSV &21 9DOXHV
GLVSOD\HGDVPHDQDQGVWDQGDUGHUURUp  
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)LJXUH  $ &HQWHU RI SUHVVXUH &23 VZD\ IRU VLQJOHOHJ VWDQFH RQ WKH VSLQQLQJ WRS
,QWHUDFWLRQp ȘS <,17r 0,17r %6ZD\RISODWIRUPIRU
VLQJOHOHJVWDQFHRQWKHIUHHVZLQJLQJSODWIRUP,QWHUDFWLRQp ȘS <,17r 
2,17r 0&21r 2&21r %ODFNEDUVUHSUHVHQWSUHWHVWDQGJUH\
EDUVSRVWWHVWYDOXHV9DOXHVGLVSOD\HGDVPHDQDQGVWDQGDUGHUURUp p 
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7DEOH$QWKURSRPHWULFGDWDRILQWHUYHQWLRQ,17DQGFRQWURO&21JURXSVIRUWKHGLIIHUHQW
DJHJURXSV\RXQJPLGGOHROG

 <281*  0,''/(  2/'
 INT CON INT CON INT CON 
Q       
*HQGHU>IP@       
$JH>\HDUV@        
:HLJKW>NJ@        
+HLJKW>FP@        

1RWH9DOXHVIRUDJHZHLJKWDQGVL]HDUHLQGLFDWHGDVJURXSPHDQVWDQGDUGGHYLDWLRQ ,Q
VRPHFDVHVQRWDOORIWKHSDUWLFLSDQWVFRXOGEHLQFOXGHGI IHPDOHP PDOH
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7DEOH&RQWHQWRIWKHWUDLQLQJLQWHUYHQWLRQSURJUDPGHYHORSHGIRUFKLOGUHQDQGDGROHVFHQWV
LHFKLOGRULHQWHG%7(DFKWRSLFZDVWUHDWHGLQWZRVHVVLRQVRIPLQHDFK

Training Topic Content
	 %DODQFHFLUFXLW
&KLOGUHQH[HFXWHGGLIIHUHQWEDODQFHH[HUFLVHVVXFKDVZDONLQJRYHUEDUVPRYLQJIRUZDUGZLWK
D3HGDORZDONLQJRQDEDOOWKDWLVEHWZHHQWZRPDWVRUVWDQGLQJRQDPDWRQIUHHPRYLQJ
EDOOV7KHDLPZDVWRH[SORUHDQGPRGLI\WKHH[HUFLVHVE\WKHPVHOYHVDQGDWWKHHQGWR
H[HFXWHWKHH[HUFLVHVIRUDVORQJIDUDVSRVVLEOH
	 3DUNRXU
&KLOGUHQKDGWRH[SORUHDZD\WRFURVVRYHUGLIIHUHQWXQVWDEOHREVWDFOHVDQGWRDFFRPSOLVK
SUHGHILQHGURXWHVZLWKRXWWRXFKLQJWKHJURXQG
	 3DUNRXU
&KLOGUHQKDGWRH[SORUHDZD\WRFURVVRYHUQHZO\GHILQHGXQVWDEOHREVWDFOHVDQGWR
DFFRPSOLVKSUHGHILQHGURXWHVZLWKRXWWRXFKLQJWKHJURXQG
	
&RPSHWLWLYHEDODQFH
JDPHV
&KLOGUHQZHUHDVNHGWRPDNHWKHLURSSRQHQWORVHEDODQFHLQGLIIHUHQWVLWXDWLRQVVXFKDV
KRSSLQJRQRQHOHJVWDQGLQJRQDVPDOOVXUIDFHVWDQGLQJRQZREEOLQJVXUIDFHVHWF
	
&RPSHWLWLYHEDODQFH
JDPHV
&KLOGUHQFRPSHWHGDJDLQVWHDFKRWKHURUWULHGWRRXWSHUIRUPWKHLUSUHYLRXVVFRUHVLQGLIIHUHQW
EDODQFHH[HUFLVHV7KHRUJDQL]DWLRQIRUPZDVYDULHGRQHDJDLQVWRQHWZRDJDLQVWWZR
JURXSVDJDLQVWHDFKRWKHUHFKHORQVHWF

1RWH7KHOLVWHGFRQWHQWUHSUHVHQWVRQO\DVKRUWVXPPDU\RIWKHPDLQSDUWVRIWKHOHVVRQV,Q
HDFKOHVVRQPXOWLSOHH[HUFLVHVRQGLIIHUHQWEDODQFHGHYLFHVZHUHH[HFXWHGLQYDULDEOHIRUPVWR
SURYLGHDFRQVWDQWFKDOOHQJHIRUWKHSXSLOV

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